In the framework of the mass mixing scheme we have considered mixings and oscillations of ν e , ν µ , ν τ neutrinos and obtained expressions for angle mixings and lengths of oscillations in dependence on components of the nondiagonal mass matrix. Then analysis of these obtained results was done by using modern experimental data on neutrino oscillations. It has been shown that in this approach the lengths of neutrino oscillations L 23 and L 13 are not compulsory to be equal. It means that the angle mixing θ 13 can be not very small, i.e., L 13 can be larger than L 23 .
Introduction
Oscillations of K o mesons (i.e., K o ↔K o ) were theoretically [1] and experimentally [2] investigated in the 50-s and 60-s. Recently an understanding has been achieved that these processes go as a doublestage process [3, 4, 5, 6] . A detailed study of meson mixing and oscillations is very important since the theory of neutrino oscillations is built in analogy with the theory of meson oscillations.
The suggestion that, in analogy with K o ,K o oscillations, there could be neutrino-antineutrino oscillations ( ν →ν), was considered by Pontecorvo [7] in 1957. It was subsequently considered by Maki et al. [8] and Pontecorvo [9] that there could be mixings (and oscillations) of neutrinos of different flavors (i.e., ν e → ν µ transitions).
Lengths of three neutrino oscillations are [10] as follows 
taking into account that m , then we obtain
Since L 12 ≫ L 23 , then from expression (3) we get
The mixing angle θ 13 measured in experiment [11] is very small. Then there is a question: why are mixing angles θ 23 and θ 12 measured in the experiment of the order of maximal angle (π/4) and why is the measured angle θ 13 is so small? There is definitely a problem. To investigate this problem, we will work in the framework of the masses mixing scheme. Since the scheme (theory) of neutrino oscillations is constructed in analogy with K [3, 4, 5, 6] . Following the traditions we will consider the K o -meson mixings and oscillations by using the mass matrix and for convenience the masses are used in the linear but not in the quadratic form, then the mass matrix has the following form:
Because of the weak interactions violating strangeness (s ↔ d) this mass matrix (5) becomes a nondiagonal matrix:
For obtaining the eigenstates of weak interactions which violate strangeness, we have to diagonalize this matrix by turning on angle
By using this procedure, we get 
and the inverse transformation gives the following:
The computation of nondiagonal components of the mass matrix (6) can be fulfilled by using the Feynman block diagrams in the framework of the standard model of electroweak interactions [13] , [14] with KabibboKobayashi-Maskawa [15] matrices.
Expression for sin 2 2θ o can be obtained from (8) and it is given by the following expression (θ o is the angle of mixing):
This expression has the analogy with a well knowing formula of BreitWigner [16] for transition probability,
where c -is a normalized factor, m, m o are masses and Γ is the width transition. We can obtain expression (12) from Breit-Wigner formula if we fulfill the following substitutions:
We see that we can interpret nondiagonal mass term 2m Then from expression (14) and (11) we get
It is necessary to remark that CP K 
where
If these mesons are moving without interactions, then
and putting them in (17), we obtain
The probability that meson K o produced at moment t = 0 will be at moment t = 0 in the state ofK o meson is given by a squared absolute value of the amplitude in (18)
),
Then the length
meson oscillations is a follows:
The mixing angle
is equal to π/4 and the value for ∆ computed in the framework of weak interactions (see references in [13, 14] ) is in a reasonable agreement with the same value obtained in experiments. So, we see that the scheme of mass mixings is in a rather good agreement with the experiment. Now let as consider neutrino oscillations in the framework of the mass mixings scheme.
3 Vacuum mixings and oscillations of ν e , ν µ , ν τ neutrinos in the scheme of mass mixings
As it is mentioned above we will work in the mass mixings scheme. We can use the 3 × 3 mass matrix but since the lengths of neutrino oscillations are noticeably differ, then it is proper to work by using three 2 × 2 mass matrices corresponding to ν e → ν µ , ν µ → ν τ and ν e → ν τ mixings and oscillations. Since neutrino oscillations are considered in analogy with K o meson oscillations, then we will use the method analogous to the one considered above.
The case of ν e , ν µ neutrino oscillations
If the ν e , ν µ neutrino states are produced in the weak interactions (i.e, they are eigenstates of these interactions, then the mass matrix of ν e , ν µ -neutrinos will have a diagonal form. Following the traditions we will consider the ν e , ν µ -neutrino mixings and oscillations by using the mass matrix and for convenience the masses are used in the linear but not in the quadratic form, then the mass matrix has the following form:
Since there is a interaction violating lepton numbers this mass matrix (24) becomes a nondiagonal matrix:
For obtaining the eigenstates of weak interactions which violate lepton numbers, we have to diagonalize this matrix by turning on angle θ (θ ≡ θ 12 ). By using this procedure, we get
where ν 1 and ν 2 states are eigenstates of the weak interactions violating lepton numbers. Now these states are superposition states of ν e , ν µ neutrinos.
and the inverse transformation gives:
Then ν e , ν µ neutrino masses are connected with masses of ν 1 , ν 2 neutrinos via the following expressions
Now mass Lagrangian of two neutrinos (ν e , ν µ ) has the following form:
while diagonalizing it transforms into the following one:
Expression for sin 2 2θ can be obtained from (30) and it is given by the following expression (θ is the vacuum angle of mixing):
This expression has the analogy with a well known formula of BreitWigner [16] for the transition probability:
where c -is a normalized factor, m, m o are masses and Γ is the width transition. We can obtain expression (33) from Breit-Wigner formula if we fulfill the following substitutions
We see that nondiagonal mass term 2m ν e ν µ can be interpreted as halfwidth of ν e ↔ ν µ transitions. The evolution of ν 1 , ν 2 neutrino states with masses m 1 , m 2 will be given with the following expressions:
If these neutrinos are moving without interactions, then ν e (t) = cosθe
Using expression (36) for ν 1 and ν 2 and putting them in (37), we obtain ν e (t) = e −iE 1 t cos 2 θ + e −iE 2 t sin 2 θ ν e (0)+
The probability that neutrino ν e produced at moment t = 0 will be at moment t = 0 in the state of ν µ neutrino, is given by a squared absolute value of the amplitude in (38)
The probability of ν e → ν e is given by the following expression:
, and
2p , Then the length L 12 of ν e , ν µ neutrino oscillations is
(41
Now let us consider the cases of ν µ → ν τ and ν e → ν τ mixings and oscillations. We will give final expressions without a detailed consideration.
The case of ν e , ν τ neutrino oscillations
Nondiagonal mass matrix of ν e , ν τ neutrinos has the following form:
After diagonalizing this matrix by turning on angle β (β ≡ θ 13 ) we get
where ν 1 and ν 3 states are eigenstates of the weak interactions violating lepton numbers. Now these states are superposition states of ν e , ν τ neutrinos:
Now the mass Lagrangian of two neutrinos (ν e , ν τ ) has the following form:
Expression for sin 2 2β has the following form:
The probability that neutrino ν e produced at moment t = 0 will be at moment t = 0 in the state of ν τ neutrino, is given by the following expression:
1 )/2p)t. The probability of ν e → ν e is given by the following expression: , and
2p , Then the length L 13 of ν e , ν τ neutrino oscillations is
(51
The case of ν µ , ν τ neutrino oscillations
The nondiagonal mass matrix of ν µ , ν τ neutrinos has the following form:
After diagonalizing this matrix by turning on angle γ (γ ≡ θ 23 ) we get
where ν 2 and ν 3 states are eigenstates of the weak interactions violating lepton numbers. Now these states are superposition states of ν µ , ν τ neutrinos:
Now the mass Lagrangian of two neutrinos (ν µ , ν τ ) has the following form:
Expression for sin 2 2γ has the following form:
The probability that neutrino ν µ produced at moment t = 0 will be at moment t = 0 in the state of ν τ neutrino, is given by the following expression:
2 )/2p)t. The probability of ν µ → ν µ is given by the following expression:
2p , Then the L 12 of ν µ , ν τ neutrino oscillations length is:
Now we analyze the modern experimental data on neutrino oscillations by using the expressions obtained in the scheme of mass mixings.
4 Analysis of the modern experimental data on neutrino oscillations by using the results obtained in the scheme of mass mixings 4.1 Analysis of ν e , ν µ processes
The process of ν e , ν µ oscillations was studied in experiment KamLAND [11] and they obtained
Using expression (33) for sin
we can do the following conclusion:
i.e., the difference between masses of ν e and ν µ neutrinos is less than the nondiagonal mass term. Then deposit of ν e , ν µ neutrino mass difference in the length of ν e , ν µ neutrino oscillations is very small (see expr. (41')):
i.e., the length of ν e , ν µ neutrino oscillations is mainly formed by the nondiagonal mass term 2m ν e ν µ .
Analysis of ν µ , ν τ processes
The process of ν e , ν µ oscillations was studied in experiment SuperKamiokande [15] and they obtained 
i.e., the mass of ν µ neutrino is about the ν τ neutrinos mass. Then the deposit of ν µ , ν τ neutrino mass difference in the length of ν e , ν µ neutrino oscillations is about zero (see expression. (65), (61'))
i.e., the length of ν µ , ν τ neutrino oscillations is mainly formed by the nondiagonal mass term 2m ν µ ν τ . It is interesting to remark that if to suppose that 2m ν µ ≈ 1eV then from the expression 2m ν µ 2m ν µ ν τ = 2.1× 10 eV .
Analysis of ν e , ν τ processes
The process of ν e , ν µ oscillations was studied in experiment KamLAND [11] and they obtained 
i.e., the difference between the masses of ν e and ν τ neutrinos is much more than the nondiagonal mass term. Then the deposit of ν e , ν µ neutrino mass difference in the length of ν e , ν τ neutrino oscillations are very big (see expression. (51')):
i.e., the length of ν e , ν τ neutrino oscillations is mainly formed by the mass difference of these neutrinos.
Remarks about the problem in neutrino oscillations processes in the framework of the mass mixings scheme
If angle mixings θ 23 of ν µ , ν τ at neutrino oscillations are maximal, i.e., π/4 [11] , then in the framework of the mass mixings scheme the masses of ν µ , ν τ neutrinos have to be nearly equal, i.e., m µ ≃ m τ . Farther in the framework of this approach the equality of oscillation lengths of L 23 and L 13 is impossible to obtain without additional supposition (see expressions (51'), (61')), in contrast to the conventional approach, since the nondiagonal mass components m ν µ ν τ , m ν e ν τ of the mass matrix cannot be equal by definition. Then the natural solution of this problem is to suppose that L 13 is larger than L 23 , then the length of neutrino oscillations L 13 has to be larger than L 23 , i.e., the value of θ 13 is necessary to search on distances more than L 23 . To solve this problem in the framework of the standard approach [10] , it is necessary to suppose that 
Obviously, it is possible if to suppose that 4 neutrino oscillations are realized instead of 3 neutrino oscillations, i.e., if there is the fourth component.
Conclusion
On the example of K o mixings and oscillations we have considered mixings and oscillations of ν e , ν µ , ν τ neutrinos. The analysis of the obtained results has been done by using modern experimental data on neutrino oscillations. In these experimental data there is one problem. If we use the conventional theoretical approach [10] , then L 13 ≈ L 23 (L 12 ≫ L 23 ) and the mixing angle of θ 13 is very small. However, angle mixings θ 23 , θ 12 are big and close to maximal angle π/4. The problem is: why is mixing angle θ 13 so small?
Since the angle mixings θ 23 of ν µ , ν τ at neutrino oscillations is maximal [12] , i.e., π/4 then in the framework of the mass mixings scheme the masses of ν µ , ν τ neutrinos have to be nearly equal, i.e., m µ ≃ m τ . In the framework of this approach the equality of oscillation lengths of L 23 and L 13 is impossible to obtain without additional supposition (see expressions (51'), (61')) since the nondiagonal mass components m ν µ ν τ , m ν e ν τ of the mass matrix cannot be equal by definition. Then the natural solution of this problem is to suppose that L 13 is larger than L 23 (L 13 > L 23 ). Then it is necessary to examine ν e , ν τ neutrino oscillations at much longer distances than L 23 to search for the value of θ 13 .
To solve this problem in the framework of the standard approach [10] , it is necessary to suppose that (m Список литературы
